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Conference Recommendations
The following recommendations were prepared by the 14th Bethesda Con-
ference Steering Committee in November 1983 in an attempt to summarize
the state of the art regarding noninvasive studies in the young and to make
suggestions for future directions.
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I. Ultrasound Imaging
A. State of the Art
1. Echocardiography is currently the method of
choice for noninvasive anatomic and func-
tional cardiac assessment. It is truly nonin-
vasive and can provide definitive anatomic
intracardiac diagnoses in most congenital car-
diac defects. The results are obtained on-line
with minimal processing. Equipment is rel-
atively inexpensive and the cost-benefit ratio
acceptable.
2. It will replace preoperative and postoperative
cardiac catheterization in some, but not all
congenital lesions at an increasing frequency
over the next 10 years.
3. This modality also can provide an important
assessment of left ventricular size and func-
tion, but is less useful for right ventricular
assessment or for studies during vigorous
exercise.
4. It can be used intraoperatively to assess the
adequacy of surgical repair.
B. Recommendations for Future Directions
1. Myocardial tissue characterization is an ex-
tremely important subject about which there
is little knowledge. Development of methods
to detect ischemia, fibrosis, inflammation or
alterations with maturation and growth would
be highly desirable.
2. Improved resolution of echocardiographic
images, particularly for accurate detection of
endocardial borders, small defects and blood
vessel size (such as coronary arteries), con-
tinues to be an important goal.
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3. Three-dimensional reconstruction of echo-
cardiographic images could enhance the ac-
curate determination of ventricular volumes,
wall motion abnormalities and blood vessel
anatomy.
4. Development of safe contrast agents that will
pass through the lung for intravenous as-
sessment of left heart structures and function.
5. Development of an ultrasound method to es-
timate intravascular or intracardiac pressure.
6. Improved methods for estimating right ven-
tricular size and function.
7. Adaptation of ultrasound methods to exercise
testing.
8. Determination of sensitivity, specificity and
diagnostic accuracy for ultrasonic imaging in
each congenital defect.
9. Improved methods for fetal cardiac structure
and functional analyses.
10. Improved, smaller transducers for infants with
shapes available for suprasternal notch
windows.
II. Doppler Ultrasound
A. State of the Art
1. Current uses of range-gated pulsed Doppler
and continuous wave studies indicate their
practical usefulness in assessment of shunt
site, site of valvular regurgitation and site of
cardiovascular obstructive lesions.
2. Estimation 'of pressure gradients between a
great artery and a ventricle can be performed
reasonably accurately. Range gating, how-
ever, usually does not permit very high ve-
locities to be measured accurately, and con-
tinuous wave systems are not spatially
selective.
3. Estimations of aortic flow appear to be rea-
sonably accurate.
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B, Recommendations for Future Directions
1, Development of an accurate method for es-
timation of total pUlmonary flow as well as
right and left pulmonary flow,
2, Development of an accurate method for es-
timation of flow through conduits and aor-
ticopulmonary shunts,
3, Development of an accurate method for es-
timation of coronary flow,
4, Development of methods to determine ab-
solute cardiac pressures.
5. Development of methods for quantification
of valvular regurgitation.
6. Development of methods for assessing fetal
regional circulatory flows.
7. Pursuit of a wider understanding of functional
information regarding ventricular perform-
ance and impedance to flow, which can be
defined from analysis of the shape, rise time,
slope and acceleration-deceleration variables
of the Doppler waveforms.
III. Radionuclide Techniques
A. State of the Art
1. Estimations of left to right shunts, qualitative
assessment of abnormal venous pathways
(persistent left superior vena cava) and flow
patterns (first pass studies) are reasonably ac-
curate and reliable.
2. Assessment of right and left ventricular ejec-
tion fractions, relative size of cardiac cham-
bers and relative outputs are reasonably ac-
curate and can be performed at rest and during
exercise.
3. Assessment of right and left ventricular vol-
umes is reasonably accurate, but not as ac-
curate as by angiographic studies.
B. Recommendations for Future Directions
1. Improved resolution of images for border de-
tection and volume quantitation.
2. Development of inexpensive short-lived
radionuclides for use in infants and children.
3. Miniaturization of cameras for ease of port-
able bedside assessment in infants.
4. Development of more specific markers than
gallium-68 for detection of myocardial
inflammation.
IV. Digital Subtraction Angiography
A. State of the Art
1. With intravenous injections, abnormalities of
the aorta, such as coarctation, and of the pul-
monary arteries, such as branch stenoses,
usually are imaged quite well. Intracardiac
anatomy also can be assessed reasonably well
with this technique, although echocardio-
graphic studies usually are preferable because
of ease and the true noninvasive aspects of
study.
2. Assessment of right and left ventricular size
and ejection fractions can be performed with
digital subtraction angiography and is prob-
ably at least as accurate or more accurate than
radionuclide studies.
3. Use of digital subtraction angiography in the
catheterization laboratory with selective in-
jections allows contrast enhancement with less
contrast media. This factor may be less im-
portant in the future because of the devel-
opment of nontoxic, nonionic contrast media.
B. Recommendations for Future Directions
1. Development of methods (demonstrated by
Dr. Heintzen at this conference) for deter-
minations of absolute and regional flows in
the pulmonary and systemic circulations.
2. Development of methods for assessment of
coronary flow, regional myocardial flow and
washout of contrast media from the
myocardium.
3. Refinement of methods for the enhancement
of cardiac angiographic images to improve
diagnosis and assessment of cardiac function.
4. Development of methods for replacement of
cineangiographic film processing in the car-
diac catheterization laboratory by digital sub-
traction angiography computer techniques.
V. Computed Tomography
A. State of the Art
1. Cross-sectional images of the heart and great
vessels can provide important information
about great vessel abnormalities, intracardiac
anatomy, cardiac tumors and pericardial ab-
normalities. At present, however, echocardi-
ography has major advantages in terms of
ease of the study, cost and lack of radiation
for most anatomic cardiovascular diagnoses.
Exceptions might include some types of great
vessel abnormalities.
2. Nuclear magnetic resonance may provide
similar information without ionizing radiation.
3. Cine computed tomography allows evalua-
tion of anatomy and function by providing
50 ms cross-sectional images at multiple lev-
els of the heart.
B. Recommendations for Future Directions
1. Rapid scanners might allow feasibility for
more studies in lightly sedated infants and
children. These are about to be introduced
commercially.
2. Major drawbacks in children are time of study,
usual need for contrast, amount of radiation
and initial cost of equipment. These are un-
likely to be changed in the near future.
IV. Dynamic Spatial Reconstruction
A. State of the Art
1. Only one system is available (Mayo Clinic).
It appears possible to provide new informa-
tion on ventricular and great vessel shape,
orientation, dynamic changes with systole,
three-dimensional representation and possi-
bly myocardial blood flow. Currently, it is
still a research tool.
B. Recommendations for Future Directions
1. Application of technique to selected pa-
tients, comparison of data obtained with echo-
cardiography and conventional catheteriza-
tion and angiographic techniques to determine
clinical usefulness.
2. High initial cost and amounts of radiation
make the system unlikely to be duplicated for
specific use in children.
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VII. Nuclear Magnetic Resonance
A. State of the Art
1. Gated studies are possible. The technique
provides excellent resolution of muscle ver-
sus blood, pericardium and lung.
2. Metabolic data on phosphorus, sodium, car-
bon and fluorine in human beings are un-
available at present.
3. Simultaneous frontal, sagittal and coronal
views are possible.
4. Currently, it is still a research tool.
B. Recommendations for Future Directions
1. Comparison of sensitivity, specificity and di-
agnostic accuracy with echocardiography and
angiography regarding various congenital
defects.
2. Development of methods for myocardial tis-
sue characterization in relation to hypertro-
phy, fibrosis and ischemia.
3. Development of a system to study myocardial
metabolism, particularly phosphorus, so-
dium, carbon and possibly fluorine. Pediatric
patients may be particularly well suited for
these purposes since a less powerful magnet
can be used than that needed for adults.
4. Development of methods for functional as-
sessment, such as three-dimensional vol-
umes, wall motion characterization and cal-
culation of ejection variables of cardiac
function.
5. Development of methods for blood flow
quantitation.
6. Determination of cost-effectiveness for pe-
diatric patients.
7. Continued assessment of safety of nuclear
magnetic resonance for use in children.
VIII. Positron Emission Tomography
A. State of the Art
1. Metabolic studies are now possible in adults
and children and potentially in infants.
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2. Spatial resolution of images is poor in com-
parison with other modalities.
3. The method currently requires considerably
more personnel and on-site equipment than
does nuclear magnetic resonance to study
myocardial metabolism, but potentially can
study many more aspects of metabolism.
4. It requires a cyclotron to generate biologi-
cally useful radionuclides.
5. It is currently still a research tool.
B. Recommendations for Future Directions
I. Development of methods for study of myo-
cardial metabolism in various defects includ-
ing ? anaerobic metabolism in patients with
severe cyanosis, pressure, volume overload
or inborn metabolic defects.
2. Development of tracer kinetic models to al-
low sophisticated study of the normal and
~bnormal developing heart.
3. Production of small inexpensive cyclotrons
with automated synthesis of biotopical
radiotracers.
4. Continued assessment of safety of positron
emission tomography for use in children.
These reflections by the Steering Committee represent
our best estimation of the state of the art and possible future
directions as of January 1984. Many of the fields are chang-
ing rapidly and certain modalities that now appear to be
strictly research may become clinically useful in a short
period of time. In the diagnosis arid management of pediatric
patients with congenital cardiovascular defects, there is con-
siderable potential for overuse and abuse of noninvasive
studies. How many ways does one need to diagnose trans-
position of the great arteries or assess ventricular function?
Reconvening a Bethesda Conference in 5 years to assess
clinical usefulness and cost-effectiveness of various non-
invasive studies in pediatric patients is burfinal and strongest
recommendation.
